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Abstract. Structural performance deterioration of reinforced concrete structures has been 
extensively investigated, but very limited studies have been carried out to investigate the effect 
of reinforcement corrosion on time-dependent reliability with consideration of the influence of 
mechanical characteristics of the bond interface due to corrosion. This paper deals with how 
corrosion in reinforcement creates different types of defects in concrete structure and how they 
are responsible for the structural capacity deterioration of corrosion affected reinforced 
concrete structures during their service life. Cracking in cover concrete due to reinforcement 
corrosion is investigated by using rebar-concrete model and realistic concrete properties. The 
flexural strength deterioration is analytically predicted on the basis of bond strength evolution 
due to reinforcement corrosion, which is examined by the experimental data available. The 
time–dependent reliability analysis is undertaken to calculate the life time structural reliability 
of corrosion damaged concrete structures by stochastic deterioration modelling of reinforced 
concrete. The results from the numerical example show that the proposed approach is capable 
of evaluating the damage caused by reinforcement corrosion and also predicting the structural 
reliability of concrete structures during their lifecycle.   
1. Introduction 
Deterioration of reinforced concrete (RC) structures due to reinforcement corrosion is a growing 
problem worldwide. It typically involves cracking and spallling of concrete cover and reduction in 
area of steel reinforcement and loss of bond between concrete and corroded steel. This eventually 
affects the service life of the concrete structures and also increases the resources required for the 
maintenance and rehabilitation over time [1-5]. Managing corrosion damaged RC structure has 
become a great challenge both financially and technically. RC structures damaged by reinforcement 
corrosion compromises structural safety and durability by affecting their performance. The cost 
associated with managing these corrosion damaged RC structure (repair, rehabilitation, demolition) is 
in billion dollars [6-9]. For optimum and cost effective infrastructure management, time-dependent 
reliability analysis is considered as the effective tool. In time-dependent reliability analysis of 
deteriorating RC structures, the quantification of the damage caused by reinforcement corrosion is 
essential. Among these types of damage, only cracking in the concrete cover is visible and can be 
measured without affecting the functionality of the RC structures in operation.  
Cracking in concrete cover is an important parameter which helps in condition monitoring of the 
RC structures. It is necessary to predict the internal damages such as residual strength deterioration 
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fr o m t h e o bs er v a bl e s urf a c e c o n diti o n d uri n g t h e r o uti n e i ns p e cti o n or m ai nt e n a n c e pr o c ess. 
T h er ef or e, it i s al w a ys b e n efi ci al t o est a bli s h a pr e di cti o n m et h o d t o q u a ntit ati v el y ass ess t h e str u ct ur al 
p erf or m a n c e b y ass essi n g cr a c ki n g i n t h e c o n cr et e c o v er. I n or d er t o e v al u at e t h e r esi d u al str e n gt h of 
c orr o d e d R C str u ct ur es, c o nsi d er a bl e i n v esti g ati o ns h a v e b e e n u n d ert a k e n i n t h e p ast t w o d e c a d es, 
m ai nl y f o c usi n g o n t h e r el ati o ns hi p b et w e e n r e b ar m ass l oss a n d r esi d u al str e n gt h [ 1 -4]. H o w e v er, 
li mit e d r es e ar c h h as f o c us e d o n t h e r el ati o ns hi p b et w e e n cr a c ki n g i n t h e c o n cr et e c o v er s urf a c e a n d 
r esi d u al str e n gt h a n d its eff e ct o n t h e str u ct ur al r eli a bilit y of t h es e c orr osi o n d a m a g e d R C str u ct ur es.  
T hi s p a p er pr es e nt s a ti m e- d e p e n d e nt r eli a bilit y a n al ysi s of c orr osi o n aff e ct e d R C str u ct ur es. At 
first, t h e e v al u ati o n of t h e d a m a g es c a us e d b y r ei nf or c e m e nt c orr osi o n s u c h as r e b ar m ass l oss, 
cr a c ki n g i n c o n cr et e c o v er a n d r esi d u al str e n gt h l oss is pr es e nt e d a n al yti c all y. T h e n, a st o c h asti c 
d et eri or ati o n m o d el b as e d o n a g a m m a pr o c ess i s a d o pt e d t o ass ess t h e str u ct ur al r eli a bilit y. T h e 
r es ults fr o m t h e n u m eri c al e x a m pl e s h o w t h at t h e pr o p os e d a p pr o a c h is c a p a bl e of e v al u ati n g t h e 
d a m a g e c a us e d b y r ei nf or c e m e nt c orr osi o n a n d t h e str u ct ur al r eli a bilit y of c orr o d e d R C str u ct ur es.  
2. D a m a g es c a us e d b y r ei nf o r c e m e nt c o r r osi o n  
T h e pr o gr ess of c orr osi o n dir e ctl y aff e ct s t h e p erf or m a n c e a n d h e n c e t h e r e m ai ni n g s er vi c e lif e of a 
c orr o di n g R C str u ct ur e [ 7]. T h e q u a ntit ati v e d es cri pti o n of t h es e d a m a g es ass o ci at e d wit h p erf or m a n c e 
d et eri or ati o n of c orr osi o n d a m a g e d R C str u ct ur es is t h e first st e p i n str u ct ur al r eli a bilit y a n al ysi s of 
t h es e str u ct ur es. T h er ef or e, i n t hi s s e cti o n q u a ntit ati v e ass ess m e nt of t h e d a m a g es c a us e d b y 
r ei nf or c e m e nt c orr osi o n is di s c uss e d.                            
2. 1.   C orr osi o n i n d u c e d c o v er cr a c ki n g 
T h e c orr osi o n pr o d u cts f or m e d d uri n g c orr osi o n pr o c ess ar e e x p a nsi v e i n n at ur e, w hi c h c a us es t w o t o 
si x ti m es v ol u m e i n cr e as e as c o m p ar e d wit h t h e ori gi n al st e el [ 1 0]. T h e i n cr e as e of v ol u m e p er u nit 
l e n gt h d u e t o b ar c orr osi o n V∆ c a n b e o bt ai n e d fr o m t h e v ol u m e of r ust mi n us t h e v ol u m e of t h e 
ori gi n al r e b ar of a di a m et er R b  c o ns u m e d. T hi s i n cr e m e nt of v ol u m e p er u nit l e n gt h of r e b ar cr e at es a 
r a di al di s pl a c e m e nt at t h e r e b ar- c o n cr et e i nt erf a c e b xu  w hi c h c a n b e esti m at e d fr o m 
 
                                                         ( )1 12 2b x v ol b pb
Vu R XR γπ
∆= = −                                                  ( 1) 
  
w h er e  pX i s t h e c orr osi o n l e v el d efi n e d b y t h e r ati o of t h e m ass l oss of t h e c orr o d e d r e b ar t o t h e 
ori gi n al m ass of t h e r e b ar a n d v olγ  i s t h e v ol u m e r ati o of t h e c orr osi o n pr o d u ct f or m e d t o it s p ar e nt 
m et al li es b et w e e n 1. 8 t o 6. 4 [ 1 0]. I n t hi s p a p er c orr osi o n h as b e e n c o nsi d er e d as u nif or m, t h er ef or e, 
r e d u cti o n i n r e b ar r a di us fr o m t h e i niti al st at e R b  w h e n u nif or m att a c k p e n etr ati o n x  o c c ur s c a n b e 
e v al u at e d fr o m R b x  = R b  - x . T h e e v ol uti o n of cr a c ks i n c o n cr et e c o v er i s dis c uss e d i n t h e a n al yti c al 
i n v esti g ati o ns b y C h e n a n d Al a ni [ 6], w h er e t h e e q ui v al e nt cr a c ks wi dt h o v er t h e ti m e w as d efi n e d as 
t h e c u m ul at e d cr a c k wi dt h o v er t h e c o v er s urf a c e. T h e i nt a ct c o v er c o n cr et e i s tr e at e d as el asti c 
m at eri al a n d t h e cr a c k e d c o n cr et e i s c o nsi d er e d as a ni s otr o pi c i n n at ur e [ 6, 1 1]. Fr o m t h e a nis otr o pi c 
pr o p ert y a n d t h e bili n e ar s oft e ni n g l a w of t h e cr a c k e d c o n cr et e, n or m ali z e d c u m ul ati v e cr a c k wi dt h 
o v er t h e c o n cr et e c o v er s urf a c e i s o bt ai n e d b y c o nsi d eri n g b o u n d ar y c o n diti o ns a n d b y i g n ori n g t h e 
P oi ss o n’s eff e ct ass o ci at e d wit h t h e h o o p str ai n of t h e c o m pl et el y cr a c k e d c o n cr et e, e x pr ess e d h er e as 
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w h er e ol i s t h e m at eri al c o nst a nt gi v e n b y 2o c c hl n l bπ=  i n w hi c h cn  i s t h e n u m b er of cr a c ks t a k e n 
as 3 or 4 f or t h e c o n cr et e ar o u n d t h e r e b ar a n d c hl   i s t h e c h ar a ct eristi c l e n gt h d efi n e d as 2ch f tl  E G f=  
b y  H ill er b or g et al. [ 1 2] ; a n d ( ),c bR Rδ  i s  t h e cr a c k f a ct or ass o ci at e d wit h t h e m at eri al pr o p erti es 
a n d r a di al di st a n c e r  b et w e e n r e b ar s urf a c e bR   a n d c o n cr et e c o v er s urf a c e cR , d efi n e d as. 
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o bc b cc b
o o c o b b o co
l  RR  R RR R l l  R l  R  R l  Rlδ
−−= +− − −                            ( 3) 
2. 2.  R es i d u al st r e n gt h d et eri or ati o n 
T h e fl e x ur al str e n gt h d et eri or ati o n d u e t o r ei nf or c e m e nt c orr osi o n w as i n v esti g at e d b y N e p al a n d C h e n 
[ 7], w h er e t h e a n al yti c al m et h o d w as pr o p os e d t o e v al u at e t h e r esi d u al str e n gt h of R C b e a m wit h 
c orr o d e d r ei nf or c e m e nt b y c o nsi d eri n g diff er e nt f ail ur e m o d es of c o n cr et e a n d st e el. I n c as e of u n-
c orr o d e d p erf e ctl y b o n d e d R C b e a m t h e str ai n c o m p ati bilit y c o n diti o n e xi st s, as gi v e n b y d esi g n 
c o d es. T h er ef or e, t h e i niti al fl e x ur al r esist a n c e of R C b e a ms c a n b e e v al u at e d b y usi n g d esi g n c o d es. 
F or t h e c orr o d e d R C b e a m w h e n ulti m at e b o n d str e n gt h i s i ns uffi ci e nt t o pr e v e nt a n c h or a g e f ail ur e, 
t h e t e nsil e f or c e g e n er at e d i n t h e c orr o d e d t e nsil e st e el c a n b e o bt ai n e d fr o m 
 
                                                                   2st x b b x d u b xf n R l Tπ=                                                       ( 4) 
 
w h er e  n b  i s t h e n u m b er of t h e b ott o m t e nsil e st e el a n d  ld  i s t h e d e v el o p m e nt l e n gt h w hi c h c a n b e 
e v al u at e d fr o m d esi g n c o d e. T u b x  i s t h e ulti m at e b o n d str e n gt h of c orr o d e d r e b ar a n d i s o bt ai n e d fr o m 
N e p al  a n d C h e n [ 9]. T h e str ai n c o m p ati bilit y of a R C b e a m wit h c orr o d e d r ei nf or c e m e nt c a n b e 
c o nsi d er e d b et w e e n u n- b o n d e d a n d b o n d e d c o n diti o n [ 1 3]. Ass u mi n g t h e d ef or m ati o n of c o n cr et e i s 
m ai nl y d u e t o pl asti c d ef or m ati o n o c c urri n g wit hi n t h e pl asti c e q ui v al e nt r e gi o n, n e w str ai n 
c o m p ati bilit y of t h e c orr o d e d b e a m c a n b e e x pr ess e d as   
 
                      st x x xx
c c x x
d Yg Y
ε
ε
−= ,  
'
s c x x xx
c c x x
Y dg Y
ε
ε
−=                  ( 5) 
 
w h er e t h e pl asti c e q ui v al e nt r e gi o n i s d efi n e d as 9. 3e q xL Y=  [ 1 4]. P ar a m et er s i n e q u ati o n ( 5) ar e 
d efi n e d as: c c xε  i s ulti m at e str ai n of c o n cr et e; st xε a n d s c xε ar e str ai ns of t e nsil e st e el a n d c o m pr essi o n 
st e el, r es p e cti v el y; xY  i s t h e n e utr al a xi s d e pt h fr o m t h e e d g e of c o m pr es si o n z o n e; xd is t h e eff e cti v e 
d e pt h of b e a m a n d 'xd i s t h e di st a n c e fr o m t h e c e ntr oi d of t h e c o m pr essi o n st e el t o e d g e of t h e 
c o m pr essi v e fi br e c orr es p o n di n g t o c orr osi o n l e v el X p ; a n d xg  i s t h e i nt er p ol ati o n f a ct or w hi c h c a n b e 
o bt ai n e d b y c o nsi d eri n g t h e b o n d str e n gt h v al u e of p erf e ctl y b o n d e d a n d u n- b o n d e d c o n diti o n of t h e 
R C b e a m. B y utili zi n g t h e c o n c e pt gi v e n b y C air ns a n d Z h a o [ 1 5] t h at t h e c orr o d e d R C b e a m still 
f oll o ws t h e c o n diti o n of e q uili bri u m of r es ult a nt t e nsil e a n d c o m pr essi v e f or c es a cti n g at t h e b e a m 
s e cti o n, t h e r esi d u al fl e x ur al str e n gt h c a n b e e v al u at e d b y  
 
                                           ( ) ( )'0. 4u x c c x x x s c x x xM f d Y d df= − + −                                                ( 6) 
w h er e  c c xf  a n d s c xf
1 1t h I nt er n ati o n al  C o nf er e n c e o n  D a m a g e  Ass ess m e nt of Str u ct ur es ( D A M A S 2 0 1 5) I O P P u blis hi n g
J o ur n al of P h ysi cs:  C o nf er e n c e S eri es 6 2 8 ( 2 0 1 5) 0 1 2 0 5 0 d oi: 1 0. 1 0 8 8/ 1 7 4 2- 6 5 9 6/ 6 2 8/ 1/ 0 1 2 0 5 0
 ar e t h e c o m pr essi v e f or c es a cti n g at t h e c e ntr oi d of c o m pr essi o n z o n e a n d t h e 
c e ntr oi d of t h e c o m pr essi v e st e el of t h e c orr o d e d b e a m, r es p e cti v el y. 
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2. 3.  St r u ct ur al r eli a bilit y a n al ysi s 
T h e g a m m a pr o c ess h as b e e n oft e n a d o pt e d f or str u ct ur al d et eri or ati o n m o d elli n g [ 6, 1 6, 1 7]. T h e 
g a m m a pr o c ess i s a st o c h asti c pr o c ess wit h i n d e p e n d e nt n o n- n e g ati v e i n cr e m e nt s h a vi n g a g a m m a 
di stri b uti o n wit h a gi v e n a v er a g e of d et eri or ati o n r at e. Str u ct ur al r esi st a n c e d e gr a d ati o n c a us e d b y 
r ei nf or c e m e nt c orr osi o n i s a c o nti n u o us a n d n o n- n e g ati v e p h e n o m e n o n [ 5, 7]. T h er ef or e, t h e g a m m a 
pr o c ess i s s uit a bl e f or t h e st o c h asti c m o d elli n g of str u ct ur al r esi st a n c e d et eri or ati o n i n c orr osi o n 
aff e ct e d R C str u ct ur es d uri n g t h eir lif e c y cl e. I n t his g a m m a pr o c ess d et eri or ati o n m o d el, c u m ul ati v e 
r esi st a n c e d et eri or ati o n J  i s c o nsi d er e d as a r a n d o m q u a ntit y wit h t h e g a m m a di stri b uti o n, a n d h as 
t h e s h a p e p ar a m et er 0xη >  a n d s c al e p ar a m et er 0λ > . T h e n, t h e pr o b a bilit y d e nsit y f u n cti o n of t hi s 
r a n d o m q u a ntit y J , i. e. t h e str u ct ur al r esi st a n c e d uri n g t h e lif e c y cl e at ti m e t  a n d c orr osi o n l e v el pX  
( 0)pX > , c a n b e f or m ul at e d as 
 
                                 ( ) ( ) 1 0, ,
0 ,               
  , 
       
   
    
x
x
x x xJ
J f o rf J e JJ  G a J
el s e w h e r e
η η λλ
η λ η
− −
Γ ≥= = 
                            ( 7) 
 
w h er e 1
0
)( xx vv e d v
ηη −
∞
−=Γ ∫  i s t h e g a m m a f u n cti o n f or s h a p e p ar a m et er 0xη > . T h e s c al e p ar a m et er  
λ c o ul d b e esti m at e d fr o m st atisti c al esti m ati o n m et h o ds s u c h as a M a xi m u m Li k eli h o o d M et h o d b y 
m a xi mi zi n g t h e l o g arit h m of t h e li k eli h o o d f u n cti o n of t h e i n cr e m e nt of t h e p ar a m et er [ 1 7] a n d t h e 
s h a p e f u n cti o n xη c a n b e o bt ai n e d fr o m x xJη λ=  i n w hi c h xJ  i n di c at es t h e a v er a g e d et eri or ati o n r at e 
ass o ci at e d wit h t h e r ei nf or c e m e nt c orr osi o n s u c h as fl e x ur al str e n gt h d et eri or ati o n i n ulti m at e li mit 
st at e. Ass u mi n g LJ as t h e m a xi m u m all o w a bl e li mit of t h e str u ct ur al d et eri or ati o n, fr o m t h e d efi niti o n 
of pr o b a bilit y of f ail ur e a n d b y i nt e gr ati n g pr o b a bilit y d e nsit y f u n cti o n gi v e n i n e q u ati o n ( 7), t h e 
str u ct ur al r eli a bilit y ass o ci at e d wit h str u ct ur al r esi st a n c e d et eri or ati o n i s gi v e n b y  
 
                        [ ] x
L
x x Lr x L
xJ
J
J
( ) ,1 1 f ( ) ( J )R(t ) 1 F(t )  P J J dJ ( )J
Γ  η
η
λ
Γ
η  Γ
=
∞ −= − == − =− ≥ ∫                    (8) 
 
w h er e  1( ), v
v z
v e d vz ηη
∞
− −
=
Γ = ∫  i s t h e i n c o m pl et e g a m m a f u n cti o n f or 0z ≥  a n d 0η > . 
 
3.  N u m e ri c al e x a m pl e   
A si m pl y s u p p ort e d R C b e a m of 5 m s p a n of a bri d g e e x p os e d t o a n a g gr essi v e e n vir o n m e nt as d efi n e d 
b y E ur o c o d e 2 i s n o w utilis e d t o d e m o nstr at e t h e a p pli c a bilit y of t h e pr o p os e d m et h o d f or ass essi n g 
t h e str u ct ur al p erf or m a n c e a n d a ti m e- d e p e n d e nt r eli a bilit y a n al ysi s d uri n g it s s er vi c e lif e. T h e b e a m i s 
d o u bl y r ei nf or c e d wit h t h e cr oss-s e cti o n al wi dt h b  = 3 0 0 m m a n d eff e cti v e d e pt h d  = 5 6 0 m m F o ur 
st e el r e b ar wit h di a m et er bD = 2 0 m m ar e pr o vi d e d as t h e t e nsil e r ei nf or c e m e nt a n d t w o r e b ar of 
di a m et er s cD  = 1 6 m m ar e pr o vi d e d as t h e c o m pr essi v e st e el wit h cl e ar c o v er t hi c k n ess C  = 4 0 m m 
al o n g wit h t h e stirr u p of di a m et er stD  = 6 m m at s p a ci n g of 1 0 0 m m. T h e c o n cr et e h as a c h ar a ct eri sti c 
c o m pr essi v e str e n gt h c kf  = 4 0 M P a, t h e yi el d str e n gt h of ori gi n al r ei nf or ci n g st e el y kf
1 1t h I nt er n ati o n al  C o nf er e n c e o n  D a m a g e  Ass ess m e nt of Str u ct ur es ( D A M A S 2 0 1 5) I O P P u blis hi n g
J o ur n al of P h ysi cs:  C o nf er e n c e S eri es 6 2 8 ( 2 0 1 5) 0 1 2 0 5 0 d oi: 1 0. 1 0 8 8/ 1 7 4 2- 6 5 9 6/ 6 2 8/ 1/ 0 1 2 0 5 0
= 4 6 0 M P a wit h 
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m o d ul us of el asti cit y stE  = 2 0 0 G P a.  T h e c h ar a ct eri sti c c o m pr essi v e str e n gt h of c o n cr et e i s us e d f or 
esti m ati n g ot h er r el e v a nt pr o p erti es of c o n cr et e i. e. t e nsil e str e n gt h tf = 4. 6 M P a; m o d ul us of el asti cit y 
cE = 3 7 M P a [ 1 8, 1 9]. T h e c o n cr et e fr a ct ur e e n er g y FG = 2 0 0 N/ m i s a d o pt e d a n d ulti m at e c o h esi v e 
cr a c k wi dt h uw = 1. 4 8 m m a n d criti c al cr a c k wi dt h c rw = 0. 2 3 m m ar e esti m at e d fr o m C E B- FI P [ 1 9] 
f or gi v e n c o m pr essi v e str e n gt h a n d ass u m e d m a xi m u m a g gr e g at e si z e of 2 0 m m. T h e t ot al n u m b er of 
cr a c k cn = 4 i s a d o pt e d h er e.  T h e c o n cr et e cr e e p c o effi ci e nt cθ  = 2. 0 a n d P oiss o n’ s r ati o ϑ = 0. 1 8 
a n d t h e v ol u m e r ati o v olγ  of t h e c orr osi o n pr o d u cts i s t a k e n as 2. 0 [ 1 0]. T h e R C b e a m h as mi ni m u m 
s er vi c e lif e of 6 0 y e ar s a n d i s o p er at e d i n a g gr essi v e e n vir o n m e nt s wit h m e a n a n n u al c orr osi o n c urr e nt 
p er u nit l e n gt h c o r ri = 1 µ A/ c m 2 . 
 
 
Fi g u r e 1.  A n al yti c al pr e di cti o n of r esi d u al fl e x ur al str e n gt h v er s us c orr osi o n l e v el. 
 
T h e r es ult s i n fi g ur e 1 s h o w t h e pr e di ct e d r es ults of r esi d u al fl e x ur al str e n gt h as a f u n cti o n of 
c orr osi o n l e v el. T h e pr e di ct e d r es ults ar e t h e n c o m p ar e d wit h pr e vi o us e x p eri m e nt al i n v esti g ati o ns 
o bt ai n e d fr o m v ari o us s o ur c es. I n fi g ur e 1, t h e r esi d u al l o a d c a p a cit y i s r e pr es e nt e d b y t h e n or m ali s e d 
fl e x ur al c a p a cit y, w hi c h i s c al c ul at e d b y di vi di n g t h e fl e x ur al c a p a cit y of c orr o d e d el e m e nt b y t h e 
c a p a cit y of t h e n o n- c orr o d e d el e m e nt. It i s f o u n d t h at t h e tr e n d of pr e di ct e d fl e x ur al str e n gt h 
d et eri or ati o n m at c h w ell wit h t h e p u blis h e d e x p eri m e nt al d at a a v ail a bl e fr o m v ari o us s o ur c es. At t h e 
i niti al st a g e, t h e fl e x ur al str e n gt h of t h e c orr o d e d el e m e nt d et eri or at es sl o wl y al m ost i n li n e ar tr e n d. 
W h e n c orr osi o n l e v el r e a c h es a b o ut 5 %, c o nsi d er a bl e d et eri or ati o n o c c ur s d u e t o t h e r e d u cti o n i n b o n d 
str e n gt h a n d c orr es p o n di n g a n c h or a g e f ail ur e, w hi c h o c c urs b ef or e yi el di n g of t h e st e el a n d t h e 
s urr o u n di n g c o n cr et e.  
Str u ct ur al d a m a g e ass ess m e nt a n d p erf or m a n c e pr e di cti o ns usi n g m o nit or e d d at a i s criti c al t o 
d et er mi n e c ost- eff e cti v e i nfr astr u ct ur e m a n a g e m e nt str at e gi es [ 2 0, 2 1]. D uri n g t h e r o uti n e i ns p e cti o ns 
of c o n cr et e bri d g es, cr a c ki n g i n c o n cr et e c o v er i s t h e m ost i m p ort a nt i nf or m ati o n r e c or d e d f or 
c o n diti o n r ati n g. B as e d o n t h e c o n diti o n r ati n gs c oll e ct e d d uri n g i ns p e cti o ns, Bri d g e M a n a g e m e nt 
S yst e ms ( B M Ss) ar e d e v el o p e d f or o pti m u m all o c ati o n of li mit e d r es o ur c es a v ail a bl e [ 2 2]. D e p e n di n g 
o n t h e si z e of t h e cr a c ks, t h es e d ef e ct s i n c o n cr et e c o v er d u e t o c orr osi o n c a n b e cl assifi e d i n diff er e nt 
c at e g ori es s u c h as s p alli n g; mi n or a n d m aj or cr a c ki n g et c. T h e d ef e ct s i n c o n cr et e a n d c orr es p o n di n g 
r e b ar l oss ar e d es cri b e d i n fi g ur e 2. H er e t h e h air li n e cr a c k i s r e pr es e nt e d b y cr a c k ≤ 0. 0 5 m m; mi n or 
cr a c ki n g 0. 0 5- 0. 1 m m; m aj or cr a c ki n g 0. 1- 0. 4 m m a n d s p alli n g 0. 4- 1. 0 m m.  W h e n h air li n e cr a c k 
a p p e ar s at t h e c o n cr et e c o v er t h er e i s a b o ut 2 % l oss i n r e b ar a n d as t h e cr a c k si z e pr o gr ess t h e 
r e d u cti o n i n r e b ar c o nti n u o usl y i n cr e as es, r e a c hi n g a p pr o xi m at el y 1 3 % w h e n t h e s p alli n g of t h e 
c o n cr et e c o v er t a k es pl a c e. 
0. 0
0. 5
1 .0
1. 5
2. 0
0 5 1 0 1 5 2 0 2 5
Nor
mal
ise
d   
fle
xu
ral
 st
ren
gth
C o r r osi o n l e v el ( %)
M a n g at a n d El g arf [ 1] A z a d et al.[ 2]
T orr e s- A c ost a et al. [ 3] C h u n g et al. [ 4]
A z a d et al. [ 5]
1 1t h I nt er n ati o n al  C o nf er e n c e o n  D a m a g e  Ass ess m e nt of Str u ct ur es ( D A M A S 2 0 1 5) I O P P u blis hi n g
J o ur n al of P h ysi cs:  C o nf er e n c e S eri es 6 2 8 ( 2 0 1 5) 0 1 2 0 5 0 d oi: 1 0. 1 0 8 8/ 1 7 4 2- 6 5 9 6/ 6 2 8/ 1/ 0 1 2 0 5 0
Pr e di cti o n b y t hi s st u d y
5
 
 
 
 
 
 
 
Figure 2. Reduction in rebar mass versus defects. 
 
Influence of different types of aforementioned defects in concrete cover on the structural behaviour 
of corroded RC structure is presented in figure 3. From the results, till minor cracking in the concrete 
cover there is no significance change in residual flexural strength. As the defects reach to spalling 
stage, flexural strength decreases significantly. This clearly shows that, defects in concrete cover have 
significant effect on residual strength of corroded RC structures. In comparing these results of residual 
strength, the reduction in residual strength in unconfined concrete is relatively higher than in confined 
concrete. For instance when the defect in the concrete cover is spalling, the residual flexural strength 
of the confined element maintains about 60% of its initial strength, whereas in unconfined element it 
only maintains 40% of its initial strength. This is due to the absence of transverse reinforcement 
(stirrups) in unconfined concrete. Hence, the results from figure 3 and figure 4 show that, at the same 
stage of defects in the concrete cover, unconfined concrete is more susceptible than confined concrete. 
 
 
Figure 3. Normalised residual flexural strength versus defects for confined and unconfined concrete. 
 
The structural reliability of confined and unconfined concrete in terms of flexural strength 
deterioration is given in figure 4. Here, different allowable flexural strength deterioration limits, i.e. JL 
= 20%; 25% and 30%, respectively, have been considered during the analysis. Here again, at any stage 
of cover cracking structural reliability continuously decreases for both unconfined and confined 
concrete, showing higher probability of failure for a lower allowable deterioration limit. Furthermore 
from the time-dependent reliability analysis shown in figure 4, it is clear that the unconfined concrete 
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has considerably lower structural reliability than the confined concrete when the same predefined 
allowable limit and concrete cover crack width are considered.  
 
 
Figure 4. Structural reliability versus surface crack width for various allowable flexural strength 
deterioration limits of unconfined and confined concrete. 
 
4. Conclusions 
This paper presents a new approach for evaluating the damages caused by reinforcement corrosion 
together with its effect on structural reliability. On the basis of the results obtained from the numerical 
example, following conclusions are drawn: a) The proposed approach is capable of evaluating 
structural behaviour and defects of corrosion damaged RC structures; b) Flexural strength decreases 
significantly after 5% mass loss due to significant reduction in bond strength loss; c) Further progress 
of corrosion causes significant reduction in rebar size which in turn widens the crack in concrete 
cover, and consequently reduces residual strength of bond and flexural strength; d) The reliability of 
the corroded structure decreases with progress of defects in concrete. Further investigations are 
required to include the effect of external loading on the performance of corroded RC structure serving 
in aggressive environment. 
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